A detailed palynological analysis of the Chacoparaná Basin is presented. Thirty-one samples were recovered from boreholes YCF.CO1, YCF.CO2 and YCF.CO3, corresponding to the lower part of the Ordóñez Formation, at the Santiago Temple locality (Córdoba Province, Argentina). Three new species are described: Calamospora fissurata sp. nov., Retusotriletes archangelskyi sp. nov. Two different associations were identified and are compared with the known biozones from the same basin and other biostratigraphical schemes for basins from central western Argentina. The palynological assemblage can be referred, in part, to the Potonieisporites-Lundbladispora Biozone (Chacoparaná Basin) and the Raistrickia densa-Convolutispora muriornata Biozone (central western basins of Argentina, latest Serpukhovian-Bashkirian).
The Chacoparaná Basin (Argentina) is an intracratonic basin and a continuation of the Paraná Basin sedimentation that infilled primarily during the Late Palaeozoic (Fig. 1A) . The sedimentary succession commences in the Ordovician and is present in parts of the sub-surface of Paraguay, Uruguay and Brazil (see Milani et al. 1998) . The basin was developed in three main cycles: the first in the Cambrian-Ordovician, the second in the Silurian-Devonian, both marine, and finally the third in the Carboniferous-Permian, the latter mainly of continental origin (Reinante et al. 2014 ). The sediments constituting the sequence are known from different boreholes in the Santiago del Estero, Chaco, Córdoba and Santa Fe provinces (Fig. 1B ). (Padula & Mingramm 1963 , Russo et al. 1980 , Reinante et al. 2014 indicate that the Upper Palaeozoic sediments of the Chacoparaná Basin consist mainly of diamictites, sandstones and shales, containing rich palynological assemblages , Russo et al. 1987 , Césari et al. 1995 , Archangelsky & Vergel 1996 , Vergel 1998 , Winn & Steinmetz 1998 , Playford & Dino 2002 , Antonelli & Ottone 2006 .
Geological and palaeontological information obtained from different boreholes drilled during the 1940s by YPF (Yacimientos Petrolíferos Fiscales) and YCF (Yacimientos Carboníferos
The Chacoparaná Basin is divided into the Alhuampa sub-basin in the north and the San Cristobal-Las Breñas Oriental subbasin in the south (Fig. 1B) . In the Alhuampa sub-basin, palynomorphs recovered from the Upper Palaeozoic strata of the Árbol Blanco, Coronel Rico, Gancedo, Campo Gallo and El Caburé boreholes were published by Vergel (1987a Vergel ( , 1990a Vergel ( , b, 1993 Vergel ( , 1998 , Gutiérrez et al. (1997) and Antonelli & Ottone (2006) .
Palynomorphs from the San Cristobal-Las Breñas Oriental sub-basin have been obtained from the Santiago Temple (YCF.CO1, YCF. CO2 and YCF.CO3), Ordóñez, Camilo Aldao, Saira, Josefina and Las Mochas boreholes, and these were referred to the Ordóñez and Victoriano Rodríguez formations (Archangelsky & Gamerro 1979 , Russo et al. 1980 , Vergel 1986 , 1987b , Césari et al. 1995 , Winn & Steinmetz 1998 , Playford & Dino 2002 .
The boreholes from the Santiago Temple locality (31°23′40″S; 63°24′42″W, Córdoba Province) (Figs 1, 2) comprise Upper Palaeozoic strata. To date, the only palynological information from this area comes from a study by Archangelsky et al. (1980) , who analysed one sample from each of the boreholes and identified a total of 26 species, tentatively correlating this assemblage with the Potonieisporites-Lundbladispora (PL) Biozone recognized in the Chacoparaná Basin by Russo et al. (1980) (Fig. 3) . In this study we analysed 31 palynological samples from the Santiago Temple boreholes, and identified 219 forms consisting of palynomorphs and microforaminiferal species. We describe and illustrate only material that enables us to propose nomenclatural innovations (new species, new combinations, substitute names). Supplementary File 1 1 presents a commented list of all the palynological material included in this study, and illustrates only material not previously recorded in the Chacoparaná Basin.
The results make it clear that the assemblage presents a significantly more diverse microflora than originally thought, including the first record of foraminiferal linings in the Upper Palaeozoic of Argentina . Furthermore, the composition and distribution of this microflora allowed us to distinguish two associations (I, II).
GEOLOGICAL SETTING
The YCF.CO1, YCF.CO2 and YCF.CO3 boreholes were drilled in the Santiago Temple locality (Fig. 1B) at height of 150 metres OD (Ordnance Datum). Winn & Steinmetz (1998) stated that the strata 633.00 mbgl (metres below ground level) correspond to Tertiary-Cretaceous successions, overlying Upper Palaeozoic sediments referred to the Ordóñez Formation and ranging from 633.00 to 990.00 mbgl. The upper section (633.00-955.00 mbgl interval) consists mainly of diamictites, sandstones, mudstones and thick coal beds, deposited in fluvial environments. The lower part (955.00-990.00 mbgl interval) is composed of extremely cemented, fine to coarse red and white micaceous sandstones. Lastly, from 990.00 to 1064.30 mbgl is crystalline basement assigned a Precambrian age (Winn & Steinmetz 1998) .
In this study we analysed core samples from the 839.50-869.00 mbgl (CO1), 800.00-886.50 mbgl (CO2) and 738.00-896.75 mbgl (CO3) intervals (Fig. 2) , which encompass the lower section of the Ordóñez Formation. The boreholes are very near to each other, and lithological changes were not detected between them at the same depths, so the same stratigraphic column is used in Figure 2 .
MATERIAL AND METHODS
We processed the samples following the standard palynological treatment (physical disaggregation and chemical dissolution with HF and HCl; unoxidized residue then concentrated by filtration using 25 µm mesh and subsequently prepared as slides) for Palaeozoic sediments (Wood et al. 1996) at the Palaeopalynological Laboratory, Museo Argentino de Ciencias Naturales "B. Rivadavia" (MACN), Buenos Aires. Thirty-one samples were analysed for this study: 4 from the CO1 borehole, 13 from the CO2 borehole and 14 from the CO3 borehole (Tab. 1). Photographs were taken with a Nikon DS-Fil digital camera (5 mpx resolution) fitted to a Nikon Eclipse 50i optical light microscope at the Palaeopalynological Laboratory, MACN. All illustrated palynomorphs are located with England Finder coordinates. The permanent repository of the samples is the Palaeopalynological Slide Collection of the aforementioned institution (numbers 6503 to 6533 BAPal). The BAPal 6531 residue was observed and photographed with a Phillips XL 30 TMP scanning electron microscope (SEM) at MACN.
Size measurements are presented as minimum (mean) maximum values. ED/id ratio refers to the Exoexine Diameter (ED)/intexine diameter (id) ratio. The relative abundance of palynomorph species identified in the present study is based on counts of 250 specimens per sample. (Césari & Gutiérrez 2001 , Césari 2007 , Pérez Loinzae 2007 SYSTEMATIC PALAEONTOLOGY
TAXONOMIC INVENTORY
A total of 214 palynomorph species and 3 microforaminiferal species were identified (Supplementary File 1). The suprageneric classification of spores and pollen grains follows the criteria of Potonié & Kremp (1954) and subsequent modifications (Playford & Dettmann 1996) . Reworked elements were identified on the basis of their poor state of preservation and their anomalous stratigraphic positions (see Gutiérrez et al. 1997 Gutiérrez et al. , 2015 Calamospora fissurata sp. nov.
Pl. 1, figs 1-5, 8-11; Fig. 4 P a r a t y p e s. BAPal 6524(6) U43/2 (Pl. 1, fig. 1 ), BAPal 6522 (5) L53/3 (Pl. 1, fig. 2 ), BAPal 6522(4) C48/2 (Pl. 1, fig. 5 ), BAPal 6520(3) E33/1 (Pl. 1, fig. 8 ), BAPal 6527(10) O33/1 (Pl. 1, fig. 9 ).
T y p e s t r a t a. Ordóñez Formation, Chacoparaná Basin, Argentina.
T y p e l o c a l i t y. Santiago Temple, YCF.CO3, 778.50-779.25 mbgl, Córdoba Province, Argentina. D e r i v a t i o n o m i n i s. The name refers to the subequatorial-distal "fissure" (schism) exhibited on the exine (located on the distal face at a subequatorial site), a diagnostic characteristic of the species. D i a g n o s i s. Spherical trilete spore; variable amb with circumpolar exinal folds. Laesurae distinct, simple, Y-arms ½ to ¾ of spore radius. Exine 1-1.5 µm thick, scabrate, with subequatorial-distal fissure (= schism) in polar view. The exinal break varies in degree, dividing the spore into two asymmetrical parts. The break line usually appears associated with conspicuous longitudinal folds. D e s c r i p t i o n. Spherical trilete spore; variable amb with numerous exinal folds (Pl. 1, figs 1, 3-5). Laesurae distinct, simple, with short branches (no bigger than ¾ of spore S y n o n y m y.
1975a Leiotriletes tenuis Azcuy, p. 14, plate I, H o l o t y p e. Azcuy (1975a, plate I, fig. 2 ).
P a r a t y p e. Azcuy (1975a, plate I, fig. 3 ).
T y p e s t r a t a. Malanzán Formation (Estratos Carbonosos Member), Paganzo Basin, Argentina.
T y p e l o c a l i t y. Comarca Malanzán-Loma Larga, La Rioja Argentina. R e m a r k s. Retusotriletes archangelskyi nov. sp. is distinguishable from the other species of this genus by the presence of simple laesurae, the dimensions (45-80 µm), the medium-thin exine and the relatively large contact area (ratio range ¾-1), and the slight thickening of the exine at the junctions of the laesurae and small ridges in the curvaturae. T y p e s t r a t a. Lagares Formation, Paganzo Basin, Argentina.
T y p e l o c a l i t y. Paganzo, La Rioja Argentina.
E m e n d e d d i a g n o s i s. Spore radial, trilete. Amb circular or subcircular. Laesurae distinct, with rays extending to equatorial margin of spore. Imperfectly defined curvaturae. Exine smooth to microgranular on proximal face; distal face covered predominantly by pointed and blunt cones, scattered.
D i m e n s i o n s (38 specimens).
Equatorial diameter 28 (36.2) 48 µm; exine 1.5-1.7 µm thick; coni (in plan) 1 (1.5) 2 µm and height of 1.2-2 µm; coni separated to 1 and 1.5 of its basal diameter distance.
R e m a r k s. The ornamentation is composed mainly of coni (sharp and blunt) which are widely spaced, features that allow separation of Apiculiretusispora ralla (Menéndez & Azcuy) Menéndez & Azcuy 1971 emend. from other species of the genus.
C o m p a r i s o n. Retusotriletes baculiferus Ybert (1975, p. 1, Ph. 22, 23 ) is similar to Apiculiretusispora ralla, although the sculpture includes bacula and larger elements (3-4 µm high). Revision of the type material will determine the degree of similarity between the two species. T y p e s t r a t a. Ordóñez Formation, Chacoparaná Basin, Argentina. D i a g n o s i s. Spore radial, trilete. Amb triangular, concave side. Laesurae simple, may extend almost to equator. Exine 1.2 µm thick, sculptured with bacula (5 µm high; 1.2-3.5 µm basal width; ≤4 µm apical width) together with minor sharp and blunt coni and pila (≤3 µm basal width; 3.5 µm high). In the same specimen the bacula may have different types of apices (rounded, straight, blunt, acuminate, irregular lacerated and digitate).
O b s e r v a t i o n s. Sculpture density is variable (12-40 projected elements around the equator). Among the bacula, those exhibiting digitate apices appear in varying numbers (few elements to 2 ⁄3 of total sculptural elements).
D i m e n s i o n s (15 specimens). Equatorial diameter 42-47 µm. Bacula: 2 (3.5) 5 µm high; 1.2 (2.3) 3.5 µm basal width; 1.8 (2.8) 4 µm apical width. Coni and pila, 1.7-3 µm basal width, 2-3.5 µm height.
C o m p a r i s o n. fig. 1 ). D e s c r i p t i o n. Spore radial trilete, subcircular; laesurae sinuous and extending to equator, lips briefly developed, 2-4 µm thick. Exine 1.2-1.5 µm thick. Papillae, coni and verrucae on distal exine, arranged irregularly. Central area shows higher concentration of sculptural elements, where they fuse in pairs.
D i m e n s i o n s (14 specimens). Total diameter 30 (36.3) 45 µm; papillae 1.5 (2.7) 4 × 1.5 (2.2) 3.5 µm diameter, 1.5 (2) 3.5 µm high. R e m a r k s. The low and wide lips, and the alignment and fusion of the sculptural elements enable separation of this species. We consider that Brevitriletes Bharadwaj & Srivastava is the correct generic allocation, based on its retusoid nature and elements of the ornamentation, and in being generally greater than 2 µm in size.
Brevitriletes delicatus (Menéndez 1965) nov. comb., emend. 
T y p e s t r a t a. Agua Colorada Formation,
A g e. Pennsylvanian.
T y p e l o c a l i t y. Río Tambillos, Sierra de Famatina, La Rioja Province.
E m e n d e d d i a g n o s i s. Spore radial, trilete, anisopolar; subcircular to subtriangular amb, irregular margin due to sculpture projection. Laesurae may extend almost to equator, resolved in imperfect curvaturae. Exine ≤1 µm thick. Ornamentation is on distal face and equator, and includes predominantly ribbon-like bacula with a wide base and blunt or occasionally acuminate apex. All sculptural elements 1.5-3 µm in basal diameter and 2-5 µm in height, distributed unevenly across distal face and equator, but tighter in polar area. Proximal surface smooth to scabrate.
D i m e n s i o n s (35 specimens). Total diameter 30 (37.6) 45 µm; papillae 1.5-3 µm basal diameter, 2-5 µm high.
O b s e r v a t i o n s. In specimens examined by SEM (Pl. 2, fig. 13 ) it was observed that the ornamental elements of Brevitriletes delicatus (ribbon-like bacula) projecting towards the contour are generally bent or broken at their ends, while the specimens observed by LM appear folded at their apices and therefore can be interpreted as bacula, coni and/or pila.
D i s c u s s i o n. In work on the palynological content of the Agua Colorada Formation (La Rioja Province), Menéndez (1965, p. 54 , plate II, fig. 4 ) proposed the species Apiculatisporis delicatus to include ornate spores "with sharp spines arranged irregularly and sometimes truncated projections" without specifically describing how the elements of the ornamentation are distributed (on the whole surface of the spore or only on its distal face).
In a complementary study of the same material, Menéndez & González Amicón (1979, p. 69 , plate I, fig. 6 ; plate, fig. 7 ) proposed Apiculiretusispora riojana to include anisopolar spores that have imperfect curvaturae, and the distal face and equator ornamented by a large number of "tapered blades, truncated and rounded apex cones, and to a lesser extent papillae, cones and some spines" (whose dimensions range from 1.3 to 3 µm in basal diameter and 2 to 4.6 µm in height), irregularly distributed. Observation of the holotype of A. delicatus (Menéndez 1965, plate II, fig. 4 ; BAPal 17(10) E33/4) has allowed us to propose that the type specimen as nominated by Menéndez and González Amicón (1979, p. 69, plate I, fig. 6 ) is the holotype of the new species Apiculiretusispora riojana. Therefore we understand that the latter name is invalid according to the CNI (McNeill et al. 2012) . Moreover, it has been observed that the ornamentation of the type material is dominated by ribbon-like bacula with wide bases, arranged on the distal face of the spore and equator, as described by Menéndez & González Amicón (1979) . Given the distribution of the sculpture, the element dimensions and the presence of curvaturae imperfectae defining the contact areas (smooth to micro-granulate), we propose to include this species in the genus Brevitriletes.
C o m p a r i s o n s. The specimens from the Lagares Formation, referred to Apiculiretusispora tuberculata Azcuy by Césari & Gutiér-rez (1985, p. 23, 24, plate III, fig. 6 ) should be included in Brevitriletes delicatus (Menéndez) nov. comb., owing to the type and size of the sculpture. Brevitriletes irregularis (Nahuys, Alpern & Ybert) Césari, Archangelsky & Seoane (1995, p. 78, plate I, fig. 5 ) is very similar to B. delicatus (Menéndez) nov. comb., although the former exhibits thin and tall lips. (Menéndez & Azcuy 1971 ) nov. comb. R e m a r k s. Brevitriletes papillatus shows papillae partially fused in a group over the central area of the distal face, with small acuminate coni (papillae) and simple laesurae (Menéndez & Azcuy 1971 fig. 2 ).
Brevitriletes papillatus
D i m e n s i o n s (7 specimens). Total diameter 28-35 µm; exine 1.5-2 µm thick. Papillae 1.8 (2.6) 3.5 × 1.5 (2.3) 3 µm diameter.
R e m a r k s. This species has a laevigate proximal face and a sculptured distal face with discrete mammillae and grana irregularly distributed, not projecting equatorially. Laesurae are simple. Because of its retusoidal nature, anisopolar character and the dimensions of the ornamentation elements, generally being greater than 2 µm, we locate this species within the genus Brevitriletes Bharadwaj & Srivastava.
At least some specimens assigned to Apiculiretusispora sparsa Menéndez & Azcuy (1971) by Vergel (1990b, p. 56-57, plate II, fig. 4; 1998, p. 392 H o l o t y p e. Menéndez (1965, plate IV, fig. 2 ).
L e c t o t y p e s. BAPal 17(2) T38/0, BAPal 17(3) P39/0 (designated here).
T y p e s t r a t a. Agua Colorada Formation, Pennsylvanian.
T y p e l o c a l i t y. Río Tambillos, Sierra Observation of the original material studied by Menéndez (1965) allowed us to appreciate the infragranular nature of the intexine and exoexine, and higher variation in the range of general equatorial diameter (50-83 µm) and of the diameter of the central body (28-57 µm), enabling us to emend the diagnosis.
The material from Santiago Temple has a slightly larger size range (equatorial diameter 45-80 × 42-70 µm, central body diameter 30-54 × 28-49 µm) but we consider them to be the same species since they are similar in the relationship between diameters, the type of laesurae, lips, and the width and the nature of the intexine.
Before Menéndez (1965) , the epithet parvus was used to name species of Endosporites by Guennel (1958) and Staplin (1960) . Endosporites? parvus Staplin 1960 and E. parvus Menéndez 1965 are homonyms of E. parvus Guennel; therefore they are invalid. We propose E. menendezi as a new name to replace E. parvus Menéndez. C o m p a r i s o n s. Endosporites menendezi nov. nom., emend. is differentiated from E. parvus Guennel (1958, p. 50-51, text- fig. 11 , plate 1, figs 16-17) by its small size (equatorial diameter 30 (38) 45 µm, central body diameter 20-25 µm), the width of the central body wall being half the radius of the spore, and laesurae extending to the equatorial margin. Endosporites? parvus Staplin (1960, p. 33, plate 7, figs 8, 12 ) is distinguished from E. menendezi by its dimensions (equatorial diameter 24-35 µm, central body diameter 16-20 µm), the presence of a well-developed exoexine equatorial limb, the laesurae flanked by low, very narrow, irregular lips, and the central body amb being poorly discernible. The characteristics of the material referred to Endosporites sp. from the Malanzán Formation (Azcuy 1975b , Gutierrez & Limarino 2001 , Pérez Loinaze 2009 ) allow their determination as Endosporites menendezi nov. nom., emend.
COMPOSITION OF THE PALYNOFLORA
Supplementary File 1 includes a commented list of the 214 palynomorph species and 3 microforaminiferal lining species identified in material from the Santiago Temple boreholes. The studied palynoflora includes abundant, well-preserved specimens, with dominance of spores in the associations (62.4-96%) (Supplementary File 2 2 ). Completing the association are monosaccate pollen grains (2.8-22.4%), freshwater algae (0-11.6%), prasinophytes (0.8-7.6%), acritarchs (0-19.6%), bisaccate pollen grains (0-2%), monolete spores (0.4-0.8%), fungi (0-2%), striate pollen grains (0-1.2%) and microforaminiferal linings (0-0.4%).
Among The lower part of the Sachayoj Formation would have been deposited in an interglacial lacustrine, fluvial environment with marine levels (Malizzia et al. 1993) . These levels are documented by the presence of microforaminiferal linings (between 850.00 and 851.50 mbgl in borehole CO3) and high representation (19.2%) of the acritarch Deusilites tenuistriatus (between 865.00 and 866.00 mbgl in borehole CO2). These marine levels in the lower section of the Ordóñez Formation could be correlated with the first marine phases of postglacial transgression (Bashkirian) of the Terminal Glacial Stage ).
PALYNOSTRATIGRAPHY
Throughout the studied interval of the Ordóñez Formation, we observed no significant differences in the quantitative composition of the palynological assemblage ( Supplementary  Files 2 and 3 3 ). However, the vertical distribution of the identified species in the Santiago Temple boreholes (Supplementary File 3) does enable us to distinguish two associations: I (between 895.00 and 833.00 mbgl, recognized in the three boreholes) and II (ranging from 827.50 and 778.50 mbgl, recognized in boreholes CO2 and CO3).
Despite the continuous distribution of many species through both associations, Association Vergel 1993; Archangelsky & Vergel 1996) . Only five species were identified in Santiago Temple as having a restricted record for the PotonieisporitesLundbladispora (PL) Biozone: Cristatisporites menendezi, Vallatisporites ciliaris, Gondwanapollis frenguelli, Verrucosisporites chiqueritensis and V. andersonii. The first three species characterize this biozone (see Vergel 1993 , Archangelsky & Vergel 1996 .
Associations I and II have a generic affinity with the PL Biozone, based mainly on the presence of trilete spores (62-96%) and monosaccate pollen grains (2.8-22.4%) (see Supplementary File 2), in accordance with Vergel (1993) and Archangelsky & Vergel (1996) . In addition, the absence or poor representation of bisaccate pollen grains (0-2%) and striate pollen grains (0-1.5%) in the Santiago Temple associations strengthens their separation from the Cristatisporites and Striatites (S) biozones, which are dominated by these two palynomorph groups (see Vergel 1993) . The Santiago Temple assemblages have been compared with the palynostratigraphical scheme defined for central western Argentina (Césari & Gutiérrez 2001) , since the two are spatially and temporally close. These associations exhibit close similarity to the Raistrickia densa-Convolutispora muriornata (DM) Biozone of the above-mentioned scheme, with 37 species in common (Tab. 3). Association II shares four species with the Fusacolpites fusus-Vittatina subsaccata (FS) and/or Luecki sporites-Weylandites (LW) biozones (Distriatites insolitus, Barakarites rotatus, Illinites unicus and Protohaploxypinus goraiensis), although none of them are diagnostic of these biozones (Césari & Gutiérrez 2001) .
A feature of both associations is their high similarity to the assemblages of the Paganzo Basin (170 of the 219 species identified were recorded previously in the aforementioned basin), in contrast to the low number (67) of species shared with the Chacoparaná Basin (Tabs 2, 3).
In summary, Associations I and II can be referred, at least in part, to the PL Biozone (Pennsylvanian), based on the dominance of trilete spores and monosaccate pollen grains (more than 80% of the assemblage from Santiago Temple) and the presence of Cristatisporites menendezi, Vallatisporites ciliaris and Gondwanapollis frenguelli. On the other hand, they are correlated with the DM Biozone (late Serpukhovian-Bashkirian) from the central western basins of Argentina , given the high number of common species (37) Césari et al. (1996 Césari et al. ( , 2013 , Gutiérrez & Césari (2000) , Gutiérrez & Limarino (2001 , 2006 , Césari & Gutiérrez (2001) , Césari & Limarino (2002 ), Pérez Loinaze & Césari (2004 , Balarino & Gutiérrez (2006) , Gutiérrez & Barreda (2006 ), Pérez Loinaze (2007 , 2009 ), Vergel (2008 , di Pasquo et al. (2010) , Gutiérrez et al. (2010 ), Pérez Loinaze et al. (2010 , Balarino et al. (2012 Balarino et al. ( , 2016 , Correa et al. (2012) , Archangelsky et al. (2014) , Vergel et al. (2015) associations were recognized: Association I, from 895.00-833.00 mbgl, and identified in all three boreholes, is characterized by the exclu- 
